The osmotolerance of Saccharomyces rouxii 48-28 was confirmed with both NaCl-and KCl-fortified growth media, with more tolerance being exhibited for the potassium salt. Washed and buffered cells from unfortified medium were challenged with a variety of compounds (and also with physical treatments) that potentially would elicit membrane perturbations. The efficacy of these brief treatments was judged primarily by monitoring subsequent viability. Change in the degree of expression of P-fructofuranosidase (EC 3.2.1.26), which is cryptic in young cells of S. rouxii, was a second criterion. There was a linear correlation between cell death and enzyme expression for treatments with polyenes, detergents, some organic solvents which did not denature the enzyme, and various freeze-thaw regimens in graded amounts of glycerol. The species is relatively insensitive to polyene antimycotics, the order of decreasing effect being filipin, nystatin, and amphotericin B. S. rouxii was found to be less sensitive to osmotic shock than is Saccharomyces cerevisiae, but in neither species is P-fructofuranosidase released to the medium. The sensitivity of S. rouxii to ionic detergents, but not to nonionic detergents, was rationalized as being due to cell wall discrimination against larger micelles for the nonionic examples. This was confirmed by showing that protoplasts were sensitive to both classes. In cultures older than 5 days the normal agreement between colony-forming units and methylene blue exclusion (another test of viability) no longer held. Delayed fermentation of sucrose by S. rouxii, which is a diagnostic feature of the species, is explained by death of some cells, expression of their P-fructofuranosidase, and utilization of the monosaccharides by the surviving cells.
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Saccharomyces rouxii is one of a small number of yeast species that can withstand high osmolality in the growth medium (19) . This distinguishing feature of the osmotolerant species over other yeasts has long been of interest, but the physiological basis remains to be elucidated. A reasonable working hypothesis supposes special properties for the cell envelope (and in particular for the plasma membrane) of S. rouxii. Accordingly, we have undertaken a systematic study of the effects on S. rouxii cells of various classes of compounds and of physical treatments that might denature or perturb membranes.
Another unusual feature of S. rouxii is the physically cryptic nature of its P-fructofuranosidase (2, 20) , an enzyme generally expressed in yeast species by dint of its location in the periplasmic space (1) . Circumstantial evidence lends some support to the location of cryptic ,Bfructofuranosidase in the periplasmic bodies within young cells of S. rouxii (4, 5) . These vesicular structures are derived from the plasma membrane but remain attached through fine pedicels, thus thwarting separation from protoplasts after cell wall dissolution (4) . A pretreatment that could engender independent lysis of periplasmic bodies without concomitant loss of plasma membrane integrity would have experimental utility in the above application, and the possibility of finding a suitable perturbant was an additional impetus for the present investigations. The experimental format was to subject other ages are indicated in the text.-Harvesting and washing of the cells was by sequential centrifugation and resuspension under aseptic conditions. The buffer employed was 0.1 M sodium acetate-hydrochloric acid (pH 5.5). The final suspension was made to 20% (wet wt/vol) in the same buffer and is called "standard cell suspension." Viability of cells was estimated sometimes by the dye exclusion method (15) then assayed for ,3-fructofuranosidase expression and, in some trials, for percent viability. The order of decreasing effect was filipin, nystatin, and amphotericin B. Another consistent finding was no inactivation of P-fructofuranosidase by polyene pretreatments; i.e., in every case posttreatment with ethyl acetate revealed the full complement of cryptic activity.
In the experiment summarized in Table 2 , the initial treatments were done in triplicate so that two of the sets could be given a second exposure to polyenes or control solutions. Finally, one set received a third sequential treatment with ethyl acetate. The results (Table 2) indicate that refractory cells remain resistant to further exposure, an increment of only 8% being effected by filipin. Residual cryptic 1-fructofuranosidase was not inactivated.
In another trial with 2-day cells the degree of expression of P-fructofuranosidase and the fraction of dead cells resulting from exposure to polyene were in close agreement (Table 3 ).
Other trials indicated that susceptibility to nystatin was greatest in 1-day cells (late log phase), least in 2-day cells, and (somewhat surprisingly) intermediate in 3-or 4-day cells. A very similar set of relative enzyme activities for treated cells was also obtained when raffinose was substituted for sucrose in the assay mixture. Detergents. A large number of detergents were tested against standard yeast suspensions over concentration ranges that embraced the critical micellar concentration (CMC) in each case. Exposure time was 15 min at room temperature, after which the cells were washed in sterile buffer and monitored for viability and ,-fructofuranosidase expression. The results are summarized in Fig. 1 . There was a strong inverse correlation between viability and enzyme expression as judged by the closeness of fit for the data points and the line joining the reference point for ethyl acetate-treated cells (0% viability observed, and expression set at 100%) to that for untreated, live cells (100% viability, 0o expression). The latter situation is approximated by (16 and 3% expression, respectively) were subsequently treated with ethyl acetate, then 98% of the enzymatic activity was realized in both cases. It should be noted that detergent-treated suspensions were diluted with 4 volumes of sterile buffer, and the bulk of the detergents was removed in the supernatants after centrifugation. Pellets were resuspended to 5 ml in sterile buffer. Samples for plating were diluted immediately 100,000-fold, whereas samples for enzyme assay were not further diluted, may have retained traces of detergent, and thus extended the exposure through the processing and assay periods. This may explain the datum for 0.25% digitonin (Fig. 1) which indicates a somewhat higher degree of expression (68%) than cell death (42%).
As discussed in further detail later, the cell wall may provide an effective barrier to large molecules, including the micelles of certain detergents. Accordingly, protoplasts were prepared by established methods (4) and $ubsequently treated with selected detergents. For example, protoplasts in 2.0 M KCl were subjected to a range of concentrations of Triton X-100 for 15 min at room temperature. Analyses for Pfructofuranosidase activity were then performed in osmotically fortified medium and also after guaranteed lysis of protoplasts by dilution in buffer. Results indicated that all of the previously cryptic activity was expressed by detergent treatments at a concentration of 0.05% and above, but 0.005% was ineffective (the critical micellar concentration for Triton X-100 is approximately 0.015%). Effective treatments were accompanied by lysis of protoplasts; ineffective treatments did not cause lysis and did not inactivate the cryptic enzyme whose activity could later be revealed by lysis (dilution).
As expected, protoplasts were susceptible to ionic detergents at concentrations in the vicinity of the CMC. On the other hand, all of the polyoxyethylene sorbitan esters and polyoxyethylene alcohols tested were no more effective in causing lysis of protoplasts than they were in killing intact cells, at least at the concentrations employed (0.05 to 0.25%).
Organic solvents. Compounds were chosen on the basis of possible perturbation of membranes without concomitant enzyme denaturation. These were tested against standard cell suspensions at room temperature for 15 min. After removal of test compounds by washing with sterile buffer and preparation of standard dilutions, the cells were tested as above. Samples from treatments that did not elicit expression were subsequently given standard ethyl acetate exposure to test for remaining cryptic activity or, instead, apparent denaturation by the first treatment. The results of this survey can be summarized by grouping compounds according to the degree of expression compared with that for ethyl acetate, which is set at 100%. Stated concentrations in parentheses are volume/volume; otherwise, the cells were subjected to buffer that had been saturated with the given compound.
(i) Expression of 100 to 84%. The 100 to 84% expression group included ethyl acetate (9.1%), cellosolve acetate (9.1%), n-butanol, chloroform, 2-phenoxy ethanol, and methyl cellosolve. All cells were killed by each of these treatments. Enzyme inactivation was low, the maximum suffered being 7% in the case of n-butanol.
(ii) Expression of 61 to 34%. The 61 to 34% expression group included cyclohexanone, carbon tetrachloride, and benzene. The viability of treated cell populations generally was inversely related to the degree of expression, although enzyme inactivation was significant (8 to 23%).
(iii) Expression of 10 to 2%. The 10 to 2% expression group included toluene, dimethyl sulfoxide (9.1%), diethylene glycol (9.1%), methyl ethyl ketone (9.1%), p-dioxane (9.1%), APPL. ENVIRON. MICROBIOL.
on October 28, 2017 by guest http://aem.asm.org/ Downloaded from and acetone (9.1%). The viability of treated cell populations was 80 to 90%. Enzyme inactivation was insignificant at these concentrations and this exposure time.
The resistance of S. rouxii cells to toluene and to acetone was notable. We observed that exposure to 20% acetone for 15 min at room temperature was attended by only 5% expression of 1B-fructofuranosidase activity, but 82% survival of cells. At 40% acetone, there was 59% expression and 41% inactivation, whereas no cells survived the treatment. When a fresh pellet of washed cells was resuspended in buffer saturated with toluene (i.e., slightly less than saturated in the suspension), held at room temperature for 15 min, and then washed free of toluene, the survival rate was 88%. On the other hand, cells did not survive mixture with 0.1 volume toluene and occasional vigorous shaking (emulsion) for 15 min at room temperature.
Freeze-thaw treatments. The disruptive effects of freezing and thawing on cells in suspension was explored with four different regimens. Rapid freezing was achieved by submerging tubes (and swirling the contents) into an ethanol-dry ice bath (-78°C). Alternatively, samples were placed in a -22°C box (requiring at least 15 min for freezing) and left there for 2 h. Thawing cycles were either relatively fast (in a stirrred water bath at 30°C) or relatively slow (in air at 23°C). Further variations were provided by con- ducting the treatments on cell suspensions in 6.25, 12.5, 25, or 50% glycerol (as a potential cryoprotectant).
Results are summarized in Fig. 2 . The behavior of cells in 25% glycerol is not shown, but was not significantly different from that depicted for 12.5% glycerol. There was no indication of release of 1-fructofuranosidase to the medium under any of the regimens. In all cases, the remaining cryptic activity was revealed by the standard ethyl acetate treatment, which indicated no significant inactivation of the enzyme by the primary treatments.
The degree of expression of 1-fructofuranosidase activity was increased by storing cells in the frozen state at -22°C. For example, the degree of expression was about 26% after 0.5 h and increased to 72% after 2 h. The inclusion of 0.05% Triton X-100 in buffered cell suspensions increased the degrees of expression from 72 to 88% or from 65 to 81% after cells had been frozen at -22°C for 2 h and then thawed at 30°C or more slowly at 23°C, respectively.
Heat treatments. Cell suspensions from 1-, 2-, 3-, and 10-day cultures were treated at 65°C. The results on expressed and total ,B-fructofuranosidase activities are summarized in Fig. 3 . The kinetics for total enzyme activity were similar for cells up to 3 days old, but heat inactivation susceptibility was increased in cells derived from a 10-day culture. It is of interest to note the partial expression of ,B-fructofuranosidase as a result of heating; this phenomenon was more pronounced in 10-day cells (Fig. 3) . Each of these trials was repeated on at least one (and in some cases two) additional independent cultures, and yielded similar results. Viability estimates indicated very low survival rates for cells subjected to even 1-min treatments.
Untreated cells from the 10-day culture had 11% expression of 1- tion of such samples by the dye exclusion method was not satisfactory because control samples that were preheated in a 100°C water bath for 3 min were stained only light blue at best, in contrast to the intense coloration observed with similarly treated cells from cultures up to 10 days old. DISCUSSION Present results confirm and extend the demonstration of osmotolerance in S. rouxii 48-28. The term osmophilicity has been used in some of the earlier literature but should be reserved for obligate examples as occasionally observed in nature (17) or as generated in mutants (14) . The immediately adaptive capacity of the present strain is remarkable, but not unique (9) . The greater tolerance towards KCl compared with NaCl is also in agreement with Rodriguez-Navarro (21) . The high degree of crypticity forfructofuranosidase in young cultures is not significantly influenced by the osmolality of the medium; those cases of increased expression (Table 1) were associated with older cultures and a proportional increase in the percentage of dead cells. Apart from cases of extreme inhibition, it can be concluded that growth rate does not have much influence on the concentration of P-fructofuranosidase synthesized. Our experience with S. rouxii also indicated that this species is not sensitive to osmotic shock. On the other hand, Saccharomyces cerevisiae cells exhibit decreased viability after shocking (6) , but neither species liberates P-fructofuranosidase to the medium. because experimentally determined minimum inhibitory concentrations vary so widely among different laboratories (11) , and most investigators have reported concentrations on a unit volume of medium basis rather than the meaningful basis of unit weight of treated yeast. This laboratory reported that 0.24 ,ug/mg (dry weight) was fungistatic for the yeast-like organism Histoplasma capsulatum (7) . By comparison, it is safe to infer from the present work that S. rouxii cells are inhibited by concentrations of polyene at least 1 and possibly 2 orders of magnitude greater than those required for S. cerevisiae and for pathogenic yeasts (11) . Furthermore, the order of effectiveness against Candida albicans (10) is said to be amphotericin B > nystatin > filipin, which is the reverse order to that found herein for S. rouxii. We found that even after two exposures to filipin only 75% of the 0-fructofuranosidase activity of S. rouxii cells was expressed. Small increments evoked by repeated treatments indicated refractory cells in the overall population rather than a need to saturate polyene absorption sites (7) . The similarities noted for degrees of expression when raffinose was used as alternate substrate to sucrose do not distinguish a possible difference in the size of the channels, which are supposedly evoked by the intercalation of different polyenes into the plasma membrane (18) . The refractoriness of the S. rouxii cell toward polyenes might be attributed to the lipid composition of its plasma membrane. Although analyses of that plasma membrane are not available, it is worth noting that the sterol and sterol ester fractions of whole cells are not outstandingly different from those found for other Saccharomyces species (13) . According to Gale et al. (10) the sensitivity of C. albicans to amphotericin B can be varied more than 300-fold by manipulating the growth time and medium. These differences were minimized after cell wall removal (10) , and perhaps species differences also may reside in the cell wall. Furthermore, Norman et al. (18) (12) would be disruptive to yeast membranes provided that a concentration at or above the CMC is employed and micellar size is not so large that the cell wall prevents access to the plasma membrane. Indeed, this seems to be the case with the present series of detergents and S. rouxii.
The nonionic detergent Triton X-100 forms spherical micelles of radius 4.8 nm (12) . This is five times the hydrodynamic radius for threshold exclusion of polyethylene glycols by S. cerevisiae cells (22) and may explain the observed resistance of S. rouxii cells to concentrations of Triton X-100 above the CMC. On the other hand, we found lysis of protoplasts in concentrations above the CMC (but not for 0.005%, which is about one-third the CMC).
The ionic detergents form micelles at 1 to 10 mM concentrations, but their micellar radius is usually about 1.5 nm (12) . We found that CMCs of anionic and cationic detergents rapidly killed intact cells of S. rouxii. Lower concentrations elicited intermediate levels of viability and Pfructofuranosidase expression, supposedly reflecting variable resistance within the yeast cell population.
The bile salts fall into a special category; they form dimers to octomers in which these planarpolar molecules lie back to back. They do not possess well-defined head groups and thus do not associate into roughly spherical micelles as is the case with other detergents (8) . Free bile salts form aggregates about 2 nm long and about 0.7 nm in cross section. In the present case, the sodium salts of deoxycholate and taurocholate were relatively undisruptive toward intact cells of S. rouxii; digitonin had an intermediate effect in comparison with ionic detergents. All three compounds caused disruption of protoplasts when employed at concentrations above their CMC.
The disruptive effects of organic solvents on biological membranes are well known, and several of the compounds tested here have been used to induce autolysis in yeast. None was found to be more useful than ethyl acetate for ,Bfructofuranosidase expression. The apparent resistance of S. rouxii cells to 20% acetone for 15 min may bear further comparisons with other yeast species.
The partial expression of P-fructofuranosidase in S. rouxii after brief treatments at 65°C implies that the enzyme is less sensitive to denaturation than is the membrane that confers crypticity. The physical stress of freezing and thawing in the presence of 12.5% glycerol seemed to be more deleterious toward some other vital func- VOL. 43, 1982 on October 28, 2017 by guest http://aem.asm.org/ Downloaded from tion than membrane integrity as indicated by a lower viability than was commensurate with enzyme expression. A recommendation (16) for increased permeabilization of S. cerevisiae cells by freezing in the presence of Triton X-100 was not as effective with S. rouxii. Treatments with polyenes, detergents, most of the freeze-thaw regimens, and those solvents which did not inactivate ,-fructofuranosidase all showed strong inverse correlations between viability and enzyme expression. These results add to the body of information (2, 4) on the physically cryptic nature of the enzyme and point to a membrane barrier. However, none of these treatments can be deemed sufficiently discriminating to give any support to independent lysis of periplasmic bodies, a suggested site for cryptic enzyme in young cells.
The previous claim (2) that aged cultures had higher degrees of expression than the apparent mortality must be reevaluated. Values for viability were based on dye exclusion which we now find to be in good agreement with colony counts only for young cultures. We have no evidence at hand to indicate that the cryptic P-fructofuranosidase is ever expressed in live cells. Rather, aged populations can exploit sucrose in the medium (i.e., the classical delayed fermentation) by dint of the nonsynchronous death of some cells, the concomitant expression of their Pfructofuranosidase activity, and the utilization of the monosaccharides by the remaining live cells.
